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Figure ':a.- Highway Overp..., Test Results Summary
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Figure 13- Test Range Spectrum Plots
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NASA and CD Radio's TDRSS Industrial Test Program

Robert D. Briskman - CD Radio Inc.
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ABSTRACT

The Natioaal Aeroaautica ADd SpICe
AdmiDiltratioD (NASA) baa embarked OD a joizl& teat
pro,ram with CO Radio IDe. The prolfllD will
demoDItta&e .patia! divenity techaiqua ill IUpport of
indu.tria! developa2ea& of a DeW ua.Wte di.Nct
bl"Oldcut DIIIiaDaI rsdio .ervice called Satellite Radio.
Satellite Radio will operate in the FCC approved
frequeDCy bmd 2310-2360 MHz wbicb is clo.. to
NASA'. TrackiD. ADd Da&a Relay Sy.... (TORSS)
.&lelli.' hip power trammit fNqueacy DMt 2110
MHz. n. coopenbve test pro".. ill whicb NASA
provid. UI8 of a mRSS .atellite md CD Radio
provid. the meaIUnIDlIGI equi.... velUcle is
de.cribed u ...U u its cumDl .ta&UI. Some iDWaI
mNlUI'eID8IIt da&a .... prenaced.

INTRODUCTION

Direct broadcal of redio propllllllliD. from
sataW. to IiItaDerl ill mobil. vebiclel. primuiIy
I!~ aDd tnIcb, and ia 110_ will be available
before the ead of the cealUly; l'be HfYice is ca1Jed
Satellite Rldio md will ope..... ill the Federal
ColDlDUllica&iou Collllllilaioa·. approved frequeacy
baad231C).2360 MHz. l'be .ervice will prov_
listeaen ..ith diversity of redio proJl'llDlllin••
particuJarly ill tw'Il .,...; DicM propallllDiD••
includill. (oreiplaapqe md etb.aic cbaaDela; md
edl'CADoaal ... cultural opportWUti.. OD a aahoa..id.
ba.i.. Techaieal developmeDl. maau(aeturiq aDd
indwtrial bea.tits are a1Io fore.... Providm. hip
quality Satellite Rldio s.rviee to 'mobile vehieJ..
require. thal service OUla.... whieb are primarily
caused by multipalb aDd phy.ical blocu•• be mid.
extremely infrequenl. CD Radio intencil to
accompli.b thi. by use of .atellite spatial divenity ill

coajuDctioa with other outa,e m.itigatioa method•.
Acid......~ cia OD .atellite spatial divenity
at S-baaci frequeDci. would be u.seful. aDd a
coopenDve pro".. ..ith the Natioaal Aeroaautic.
IDd SpICe~ (NASA) wu derived u.siD.
the IOv.-'. TrackiD. aDd Data Relay Satellite
Sy.... whoM ....w. caD trammit ..ith reuoaable
power at S-baDd (appro~ly 2110 MJ{z). The
i.aduItriaJ test pro,raID is delcribed ill the foUowin.
material.

SVSTEMlEXPEJUMENT DESCRIPllON

Thelaal rID" pro.ram ia the accumulatioa of
data oa sa&eUite spatial diversity perf'onxwtee for
lDClbiIe~ ia lUIOIDObiJee over a wid. ratl,e of
eDvirolllDllll&l aad coaditiou. T'hiJ meNd.. the
variaul temiDI tbroupout the cOUDlry, operatioD in
Nbu....,wbu &nU, eft'1CU of elevllioD &n,le to
the .eteI'..,..of~. etc. The da&a wiU take th'
fona «..me. outap OCCUrTeac.. aDd the leaath of
sucb occutnDC. u • fuoctioD of the previously
m.DtioDell coaditiou. 1be duratioD of th.
nperimla& is elll**d to be leDathY for severaJ
tIUllIII. c.- of ..hich .it thai tDUlUretDeDtl caa oaly
be perfo.......... the mRSS .atellitel are not
beia. lINd (or .overameal purpo.. or for other
expw....... u a ftmctiOD of tbe .atellite.· orbital
loca&ioaI.

l'be ftnt pbaM of the e.per1meat pro.ram hu
beea iaitiated aDd will be dacribed ill the foUowin,
material. n. objective of the fint phue wu to
cbancterize precisely the TDRS-to-automobile patb
iDa mobile eDviroDlllellt. The lOa! i. to obtain field
streaath aad polarizatioD characteristic. of the path
over the.-.m ball of th. coatipou. Uaited State•.
Tb.iI caD be dODl from the TDRS-Eut at elevation
&nIl.. of iaterelt (i.••• 20--3S0).

The lMUUremeDt system utilizes a NASA
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uplink .... hJch ge:1erates a Ka-band carner to the
TDRSS satellite sufficient to saCUrate the satellite' s S

band transmitter. NASA also positiolU the satellite

antenna beam to the ponion of the UJtern half of the

e.S. .... he re meuuremenU are to be made that day.
The S-band carrier is tran.smitted from the sateHite
usiDg right hand circular polariucion (RHCP). The
mea.sun=ment vehicle wu developed. instNmented and
operated by CD Radio. It is a pusenger automobile
with aD instNment pod mounted. on tbe roof
containing a RHCP ree:eivin, antenaa. a LHCP
receiving antenna. and a Global Positiol1i.a, System
(GPS) an&enna with the preamplifierl. detee:torl and •
data acquisitioa system inside the car. Fiaure I is •
simplified system depictioa lad Fiaure 2 show. a
typical TORS .tateWte do'lllD1illk ..sceGD& covera,e.
Essea&ialJY. the amplitude of the received. ri.lK aDd left
IwJIi polariz8d ..Wee traaamiasioDl .... aseuured u
a fuac:tioD of tbe automobil_ pbysical loca&ioa and
tim•.

TOI, tA1'1U1f1

Fipn 1 - S,... eo........

CONSTANT
SAfEU,ITE
fLlfvAnON I

CONTOURS/
I

Fipn :1 - 5-Baad BtaIII lrolD TDRS II 45
DeIress West

The !tnk budget IS bls~d on I slt~i:lte b~4!T\

center EIRP of 46.4 dBW (i.e .. I t1u~ density of -1(6

dBW /m:14kHz). A nominal path lou of -['90S dB.

I r~eiv ing beam center car antenna gain of J.5 dBi
and losses of 1.2 dB result in a received power of.
141.8 dBW. The receiver noise power in iu t kHz
de(ection bandwidth is -176.3 dBW. Assuming good
measurement precision at a C/~ of 8 dB ltld
averaging over 200 samples. fading of 26 dB can be
accurately mUJured.. The TORS antenna's
rna.ximwn axial ratio over the J dB beamwidth is 1.5
dB and the automobile antennas are similarly
specified. An axial ratio of 1.5 dB reflects a crou
polarizMion rejection of 21 dB. However. since most
measuremeau were made closer to beam center
where axial ratio. are beeter, the total polarization
isola&ioD is estimaled as 25 ciB ± 5 dB.

Th. foUowln' sectioftl describe in more detail
the space Hpuea&. the measurement vehicle &Di
early meuuremeal re.ultl.

SPACE SEGMENT

The NASA/C~ Radio TDRSS lDdwtrial Tea
pro.ram it based upon the SpICe Act of 1958 (41
U.S.C. 24511Uq.) Metioftl 203(c)(S)and 203(c)(6)
and as impt.mea&ed by NASA Maaa,emea&
~ (NMl)1050.9A. The purpose of the Space
Act A.reemea& is to conduct joiD& experimeatal
pro.r.... becw_ NASA and U.S. lDdwtry for
public beaefit, U.S. maaufaeturin. aDd obtaiDiD,
tecbaical dMa and development. There.... two
.....~ ofSl*e Act A,reemeau called. for (1)
Reimbursable and (2) Non- Reimburlable.

NASA'. SpMe Act Apement with CD Radio
is NOD-Reimbursable and calls for the obcaia.ia. of
tec:baic&I d.Ita reptdiq .atellite receptioD of diaital
audio l'IIdio II S-baad 00 mobile pla&foJ'IDI. The
experilllealal proJftlll includes the tesbq of
polarizatioa iaolatioa, diversity receJ'lioD tecbaiques
and tldvuced 1UlomObi1e &DleaD&I a& S-baDd.

The NASA sa&eWee cODltelJalioa tbac i. beiDa

wed tor* CD Ratio ID*»trial TetC it the Trackia.
aad Dela Relay Sa&eUite System (TDRSS) u .howa
iD FIJ.3. lbiIsy-.m open&eI at both $-bud a025
2300 MHz) IDCl a& Ku-baad (13.7-15.3 G&).
SiD,le-ace... Mf'lic.. iD the S-baDd aDd Ku-blaDd
ru._ llIe the umbreUa-.baped. Iteetable 4.9-meter
panbolic dilb .......... to coa:m.mieate with ODe user
at a time. Opera&io. in tts. S-bud aDd Ku-baDdfrequeac_. the TORSS caD baDdle up to 300 mlllloa

bits of iAformaUoD NCb secoGli from a user. the
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equivalent of tbe m4teri&l in a :0 volume
encyclopedia.

Trlck.iZ1g a.od Dlta Relay Satellites
:ommunicatioQJ is coctroUed from two ground
termiIWs IQCI1ed It White Sands, New Mexico. TIlls
site wu chosen for its low geographic latitude within
the l"aited States. affordin. a. clear view of the satel
lites, a.nd because service interference C&l.lSed by
weather wu minimal. The termiJW. are re,pol1libl.
(or maintaiDiD, sucb Nnctiol1l u tranamittiD.
commaDds to the spacecraft. reeeivin, tb. u.er data
relUrned thtou&h eacb TDRSS. ud keepiD. track of
system stand.

UDder norma! openboaI aU upIiak ud doWDllDk
commullicuiol1l betweea • TORSS sateWte ud the
Earth (White SaDds. NM) pul throup the sateWte'.
2-lDeter parabolic disb &D&eaaa _ the bela,oul
satellite body. The NASA/CD bdio Test ProIfllD
urilizeI the same White Saada Upliak but UHI the 4.9
meter parabolic disb aaceaaa to tranamit di,iral audio
sigD&!J to the test vehicle on the Irouad ... Fi. 1.

Fipn 3 • TndcbII .... Data.eIaJ 511...
System (l'DRSS)

EAR11I SEGMENT

The IIIIClIDDbiJe UMd (01' the iDitiailDeUUmDea&
ph... is .bowa ill Fi,. 4 &Dll itl ..ip:aea& block
dialfllll ia FiI.5. ThelJlCP.. RHCP .... aN

quadritUar belic... Tbe iDltNllllltl& pod coataiu
micro....v. S-baad absorber ma&erial to preve..
reflectioa from th. automobile rooftop from affectiDl
the tracsmissioa paIh charact.rization. Tbe data
acqui.ition computer record. the data iD blocb. eacb
block havill•• time .tamp (6 bye••). vehicl. location.
speed aDd compu. hudiD. from the QPS (17 byee.)
and the two sip!~ (4 bytes). AD Idditiow
field is to be Idded aUowiD. vehicl. operator inIertion

SESSICN 11 - ::, cec: 3ccac::as~ Sd~e . :e

of terrai.ciecvironment codes. By use or" :he \ due:e
tire rotatioc detector. it is poSSIble to tne4.!ure c!a
only whea the vehicle is in motion. Various
equipmeal c.alJbrlrion and self-test fealUres have bee:'!
incorporated particularly to keep the receiving system
ga.i.a. noise temperalUre and center fre(jUeccy \1/ ithia
re(jUited tolerance.

Flpn ... Measunmeal Automobile
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E.-\RLY \1EASl:R.E~tE:'-iTS
--- ~Jr,.DII ~ 1:' .... w;: , .

Several measurement sessiolU were conducted
llUe last year. The initial one was static for equipment
performance and calibration. Thi' was followed by
short mobile measurements both to characterize
equipment performance in the automobile and to make
routine the TDRS schedulin, by the NASA Goddard
Space Flight Center (GSFC). The,e tests detected
leakqe paths in tbe automobile measurinJ equipment
which were rectified by additionaJ ,hieldia, and
chan," in cabl. NDJ aDd minor 'oftware defects.
The scbedulina by GSFC wu bandied in aa .xtremely
efficieat aad profes.iow manner. A. earlier
mentioaed. besides rlndin. coaveaient bol.. ill the
busy TORS .chedul.. GSFC provid.. the u~1Wt

satellite ,ipsal &ad frequeac:y clearu:e of the hip
flux deaaity TORS doWD link .ip .0 no i.ahlrfereace
i. cawed to adMr ,overam.aI wen of tbiI !-.dio
frequeacy.

Two Joa, dIwIioD~ NIlS w.... 1Ude
011 October 30 aad 31. 1994 each of ••veral houn.
Maay buDdndI of kilometen w.re coveAd iDcludiD.
ateu of dowotoWD WubiDcroll. DC••UbWbaD
Vit,Wa &ad rural Vir.inia. DI&a poiaU w....
meuured eve". 1.5 meten of vehicle mov..... A
plot of the measured d.IIa iI .bown ill Fi,. 6 (or a
rural area with DO blocu,e over a 14 minute period.
Fi•. 7 i••imilar for 14 urbaa area with blockap ud
shadowin.. The direct .ipl -* the iDpu& of the
meauriDI device averqed .70 dBW:t 0.5 dB IDd the
crou polarized .ip ave....ed ·95 dBW :t 5 dB.
The cro•• polarized received .i_ Coal" of the
cOIllPOoeCl&l caused by tbe lack of perfect polarizMioa
circularity (i.... axial ratio) of the TORS ud
automobile laI.aau••peeulat ref1ectioa w.... the
pol&riza&ioll .... becomee reve"" aDd ,.idual
noise from ditJUM scaIIariq ud the DOiIe f100r of the
automobile rec.iv.r.

• I!"' ...JI..-.::.........•..·iIil'....._,. _

"_1__-_-l--
--~~
: I
-~ - - - = - -

Fiaure 6 • MeasureDltat Data (Rural)

• !

.. I

Fiaurt 7· Meuurement Data (Urban)

Preliminary putial analysis of the data indicates
r.lativ.ly few occuiolll that a sipifi~&Dt cross
polarizatioD compoD.at occ:un uDder Don·
blockaael.badowUs, coDditiolli of the direct sipW.
Si,nificaal i. meaat herein u where the cross
polarized compoull& is ·12 dB or moN with respect
to tbe direct .ipal. Thi. imptiet thI& few non.
blockiD. specular retlectiolll with poWization
r.venal occur for IhiI satellite el.vatioD aa,le and
,rouacl eavltoa.meGI. COllvenely. mott of the time
wbell the dinct sipl i. blocked or heavily
.badow. (all""'" IS dB or more). the cross
polarizatiOIl COmpoll.at it sipificaal. Thi. implies
tbat specular retlectiolll with polarizatioQ reversal
occur ill blockap or heavily sb.dowed conditioQS.
'ThiI it suppoNd by tbt f~ that the sipWicaDt cross
polarizalioll compollla&a are ,eaerally of short
dura&ioa.

SUMMARY

At the cODClwioll of teatin,. CO Radio will
reduce the data obtaiDed aod issue a foraW report
IUaIIDIriziat eM resulu of the te.tiDI. Copies of this
"POri will be tDIde available to NASA aod the
F'" Commuaieatiolll Commit.loD. This type of
cooperative ,ov'I"ClID'al industry te.t pro,taID has
b.- iaiciIMd by NASA aDd CO Radio IDe. to derive
UMfUl cilia 011 .ateUite .patial divenity in cOIlD8Ctioa
with eM de"elopmeat of a Il.W brolldcutiD. sel'\'ic.
in the United Statea which will ~D8fit the public.
tecbDoloty d.v.lopID.at aad awsufacturiD,.
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I. Providing a second path for a dcslred Signal be·

tween a traDSlDitter and a receiver that IS phystcally
different from the tint path for the SIgnal. This IS called
space divenity. and is effeenve where only one of the

~ two paths is strongly affected by multipatb fading at
any instant;

2. Providing a second transmission frequency for a
desired signal between a tranSmitter and a receiver. nus
is called frequency diversity, and is effective where

\0 only ODe of the two frequencies is strongly affected by
multipath fading at any instant; and

3. Providing signal modulation resistant to multlpath
fadinS such u spread spectrUm. This method is effective
where some resistance results from the large modulated
frequency bandwidth used. and some resistance rcsults
from the receiver's rejection of an undesIred SIgnal's
spreldiDg code.

The transmission margin necessary to overcome mul
tipath fading or attenuation from foliage bas been both
measured ud estimated by experts to be In the range of
about 9 to about 12 dB for satellite radio broadcast
systems operating at UHF frequencies. Fortunately.
multipath and aneouation from foliage seldom occur
simultaneously. However, the need for 9-12 dB trans·
mission margin means that satellite transmitter power
must be increased by a factor of 8 to 12 over its initially
high level. Radio broadcasting satellites operatUlg at
such power levels would be extremely large. complex
and cosdy. To date, no commercial system of this lund
is in use because of this high cost.

The systems and methods of this invention overcome
these problems. by seodiDg the same radio broadcast
signals substantially simultaneously through two or
more geosynchronous satellite sources separated bya
sufficient number of degrees of orbitAl arc to minmllze
the effects of multipath fading and foliage attenuation.
as FIG. 3 shows.

A receiver on a mobile or fIXed platform receives the
two signals through two physically distmct paths In

space diversity methods. and seJects the stronger SIgnal.
or combines the tWO signals. The signals can be at the
same radio frequency. using a modulauon resLStanl to
multipath interference. or at a different radio frequency.
with or without a modulauon resLStant to multipath
Foliage attenuation is mmimized because trees and
other foliage are seldom in the line-<>f-sight to both
satellites at the same time.

Receiven on mobile and rued platforms recetve the
two signals through the two physically distmct trans
mission paths aad select the stronger signal or combine
the two sipals to same radio frequency and avoid inter·
fering with each other by use of spread spectrum modu
lation with code division muJtipJe access. or by trans
mitting the radio sipals from each satellite with oppo
site poJarizations (e.g. cross or orthogonal polanutions
such u bonzontal linear/vertical linear or left cu-
cular/right circular). Where isolatiOD of the two signals
is achieved by opposite polarizations. any analog or
digital sigual modulauon tnay be used. AJtenlauvely,
the two Signals caD be traDSmitted from the two s.atel
lites at different radio frequencies. which bas the advan-
tage of achievinl frequency diversity capability an addI
tion to the space diversity capability. Where different
satellite frequeuc::ies are used. the signals may be trans
tmtted using any analog or digitAl modulanon.

In preferTed embodiments. these systems and meth·
ods provide radio broadcasts from geosyuchronous
satellites with ODe-eighth or less the power needed With
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RADIO FREQlJENCY BROADCASTING SYSTEMS
A1'1) METHODS USING TWO LOW-<::aST
GEOSYNCHRONOUSSA~

nus application is a contlnuanon-m-pan of pending
pnor application Ser. No. 071866.910 filed Apr. 10.
1992 for "RAno FREQUENCY BROADCASTING
SYSTEMS AND METHODS USING TWO LOW
COST GEOSYNCHRONOUS SATELLITES" by
Roben D. Bnskman Now U.S. Pat. No. 5.278.863.

BACKGROUND OF THE INVENTION

Over the past several years. proposals have beer!
made UI the Uruted States at the Federal CommUDica- \,
lions CotnmlSSlon (FCC) and. lDternationally, at the
International Telec:ommumcauons Union (ITU) to
broadcast radio programs from geosyucbJ'oDous satel·
lites 10 receivers UI mobile platforms (e.g.• automobiles)
and lD other transportable and fIXed eoviromDents. 20
SUlce geosynchronous satellites are located in near
equatonal orbIts approXImately 42.300 kilometerS from
the earth's surface. such satellites appear stationary to
an observer on the ground. The satellite views roulJbly 2'
one· third of the earth's surface below it. which allows
radiO broadcast coverage of such a large area or. by
usUlg directional antennas on the satellite. a sub-area
such as a panlcular country. This potential national
coverage area of many tens of millions of square kilome- 30
ters for prOVIding radio service throughout the conti
nental United States (or other country/region) is the
main feature of satellite radio broadcasting. since nor
mal terrestnal AMIFM radio stations typically cover a
much smaller area. J'

RadiO broadcastUlg from satellites involves use of
SpecIal receivers UI mobile or faxed platforms because of
technical unplementatJon and frequency alJocatiopiint
erference requIrements. Consequently, proposals for
building such systems have generally used UHF fre- 40
quencles In the range of about 300 to about 3.000 MHz.
FIG. 1 shows a tYPiCal satellite radio broadcuting sys
lem. Additional satellites can be used with the satellite
system shown III FIG. 1 for providing redUlldanCY,
additional channels or both. FIG. 1 shows the most 4'
unportant transausslOn path. the path from the satellite
10 the mobile or faxed platforms. Since a mobile plat
form requITes an antenna whIch can receive sateJJite
SignalS from all azJmut~ and most elevauon angles, the
mobile platform antenna gam must be low (e.g. 2~ dBi SO
gam IS typical). For ttus reason. the satellite must radiate
wge amounts of radio frequency transmitter power so
thai the mobile platform receiver caD receive an ade
quate Signal level.

In addiuon to the Iteed for a high power traJWDiner in ~,

the satellite IS the need for extra ·tranmuner power,
called "transmJSSlon margin". to overcome multipath
fadmg and attenuation from foliage. Multipath fading
occun where a Stgnal from a satellite is received over
two or more paths by a mobile platform receiver. ODe 60
path IS the direct IlDe-<>f,slght or desired path. OD other
paths. the ~gnaJ from the satellite IS ftnt reflected from
the ground. buildUlgs. or U'lIc4 and then received by a
mobile platform receiver. as FIG. 2 shows. These other
paths are mterfermg UI amounts that depend on factors 6~

such as losses IlIcurred dunng renectlon. Among the
methods for reducing multlpath fading m radio systems.
are the follOWing:



This invention relat~ to a system of two or more
satellu~ movmg in spatially separated po5ll1ons on
SUbstantially the same geosynchronous orbit. each send·
Ing or relaymg. substantially stmulta.neously. preferably
at UHF frequenCIes In the range of about 300 to about
3.lXX> MHz. the same radiO broadcast Signal to receIvers
at or near the earth's surface. The spattal separation of
the satellites IS sufficient to aumauze multipath fadtng.
foliage attenuation. or both. Preferably. the separation
between any two satellites is 10 the range of about 2S' to
about SO', These signals are preferably dlgttally modu·
lated for high fidehty. but may also be analog.

4
path Interference and prevents mutwU seli·U1:en·e~e::~

that would result UI SJgnaJ )amaung. Methoas sue:; ~

spread spectrum modulabon te.s.. dU'ect sequence,
frequency hopptng) are preferably used to achle\
Code Dtvision Multiple Access (COMA)

A preferred rceetver for use 10 a mobile platform sue
as a vehicle is a standard. oDe-ebannei dU'ect sequene
spread spectrum detection deVlce. Tb.Js de\1ce .
adapted to acqwre the code of the signaJ from any of th

10 satellites UI the systcxo. Preferably, this code IS the w::
for the sagnals from both satellites. wluch IS aceo!!"
p1ished by bavmg the satellites.recelve the radiO Sllma.
to be transmJned to the mobile platform receIver fror
an up-link station on the earth·s surface. Such an up-1m

15 station could delay one of the two codes LlI tune t
permJt futer acquisition. In the mobile receIver...... he
the SIgnal level drops a rued. predetermmed &mOll:

below a threshold value. such as an amount greater tlu.
2 dB. a code loop S opened. and re-acqwslUon IS pe~

20 formed on any SJgna.I stronger than the thr~hold vaiu:
as FIG. 5 shows In block dIagram form

In FIG. 5. the antertna recelv~ the radiO frecuer.e
SIgnalS from each of the two satelht~ The Slgnal~ ;u

amplified by the radIo frequency amplifier The sIgna:
25 are changed from radio frequency to an UltermeOl&:

frequency (IF) by the down convener The speclfl
Intermediate frequency is chosen by the frequenc~ ("
the local oscillator. One of the two SIgnalS IS acquIre
and detected by the spread spectrum demodulator on

30 random basis and the other SIgnal Ignored. The Slgn~

level of the detected signal IS sent to the SIgnal u\ c
Memory and Threshold Comparator The detecte.
SIgna.! is then sent to an audio amplifier and loudspe.ll
ers for listenmg. The Signal Level Memory continI.

35 ously receIves the SIgnal level of the detected SIgnal an.
compares It with the preVlously sent valu~ of sIgna
level. When the cUTTent value of SJgnaJ level fall> .
certaul amount (i.e .• to a preset threshold). the spreac
spectrum demodulator is forced to re-acqulre a Signa.:
and attempts to do so until a signal is re-acqwred whO$<
level is greater than the threshold level

Ahematlvely. the receIver In the mobile platform car
have common antenna., radio and intermedIate ire
quency (IF) eqwpment. The IF feeds two correiaton

45 each namely an independent spread spectrum eedt
acqUisition CU'cwt and a detection Ctrcwt. as shown If

FIG.6.
In FIG. 6, the antertna receIves the radiO frequene'

SJgnal from each of the two satellites The SignalS art
50 amplified by the radio frequency amplifier. The SlgnaJ

are changed from radio frequency to an Ultermedl&t'
frequency (IF) by the down converter. The spec I fl.

tntermediate frequency is chosen by the frequenc~ ('
the local oscillator. The down converter output IS sri:

55 UI half by the splitter, and presented to each sprea~

spectrum demodulator. Each spread spectrum demed u
lator acqwres and detee:tS one of the two SignalS The
two SlpalS caD be recognized by either usmg a dlITeren'
code sequence for each signal. or by havmg an a pnar

60 tuDe offset between the two signals' idenucal code S('

quence. Each spread spectrum demodulator sends lh~

detected SJgnaJ to either the Amplitude Sensor S..... Ilcr.
wtuch outputs the stronger (higher level) one to ar
audIO amplifier and loudspeakers for listerung, or 10 lh~

65 Phase Corrector and Adder. which shifts the SlgnaJS !o

they are UI phase -.v1th each other and then sums then::
The sum is outputted to an audIO amphfier and louu
speakers for listenmg. Altenatlvely. the phase corree

BRIEF DESCRIPTION OF THE DRA WINGS

3
a SlDgle s.atelhte. Since s.atelllle COSt IS dU'ecth propor
tional to satellite trIU1SmJtung power. the r~JO broad
cast satellite system of thls invention uses satelllt~

about ODe<lghth or less as costly and as heavy as sUlgle
satellue systems. The reduced satellite mass also permJts
the use of a lower capability. lower cost launch vehicle.
Even if two launch vehicl~ are Deeded. the satellite
pomoDS of the subject system are still only about 2SO/C
as costly as a smgle satellite traDSDUSSlon system.

The subject system substantially tmproves reception
quality by elimmating many blockage outages. Block·
age outages occur when phySJc;:al objects such as build·
ings or bills lie In the line-of-sight between the satellite
and the rccetver. As FIG. 4 shows. such blockage sel·
dom occun Stmultaneously on both satellite paths. FIG.
4 also shows that Signal attenuation from foliage is 1D1DJ.

o:uzed, because such attenuation results from paruaJ
signa.! blockage.

SUMMARY OF THE INVEr-."'TION

The systems and methods of thiS tnventlon can beller
be understood by reference to the drawmgs. In whIch:

FIG. 1 shows a UHF radiO broadcast satellite system
utilizing a single satellite source;

FIG. 2 shows mulupath fadmg that occurs m UHF
radio broadcastmg from satelllt~; ,. 40

FIG. 3 shows an embodtment of the UHF radiO fre·
quency broadcasting system of this invention utihzmg
two spatially separated satellite sourc~ on substantIally
the same geosynchronous orbit;

FIG. 4 illustrates the reductions m total and partial
bloclr.age outages attamable -.v1th tbe two-satellite sys·
tem embodunent shown In FIG. 3;
. FIG. 5 shows a Single correlalor-type co-frequency
satellite radio broadcast receIver for use WIth the two
satellite system embodtment shown In FIGS. 3 and 4.

FIG. 6 shows a dual correlator·type co-frequency
satellite radio broadcast receiver for use WIth the two
satellite system embodiment shown In FIGS. 3 and 4.

FIG. 7 shows a dual·frequency satellite radIo broad·
cast recerver for use WIth the two-satellite broadcast
system embodiment shown in FIGS. 3 and 4; and

FIG.' shows a co-frequency satellne radIo broadcast
receiver employmg two onhogonaJ tranSII1JSSlon polar
izations for use -.v1th the two-satelltte embod1.lXlent
shown in FIGS. 3 and 4.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

In the co-frequency embodtnlents of FIGS 5 and 6.
two satellites In substantially the same geosynchronous
orbit send or relay SUbstantially the same SIgnal al sub·
stantially' the same radIO frequency. As a result. the
receiver for the radIO sIgnals preferably r~ISts multi·
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and equipment for eIther seiecung the stronger SIgl1aJ 0,

plusUlg the twO SignalS and then combuung them a.s
shown Ul FIG. 8.

In FIG. 8. one or more antetuW receive the same
radio frequency traDSIDISSlon from each of the (WO satel
lites at orthogonal polanz.atlons. ODe satellite sends tts
radtO frequency transDUSSlOn at one polanzatlon le.g ..
nght hand clrcwar or vertJcal). and tbe secood satelhte
sends tbe same radio frequency traDSUUSSlon at the or
thogonal polanution (e.g.. left hand CU'cular or bon·
zontal) The SignalS are electncally separated from each
other by the cross polanzanon amplified by radio fre·
quency amplifiers.. and then converted from radIO fre·
quency to lIltermediate frequency (IF). as by the down
conveners. The specific' lIltermediate frequency I.S

chosen by the frequency of the local oscillator.
The embodiment iD FIG. I assumes that both satel·

Illes transmit thetr signals at the same radio frequenq
However. different radiO frequenclcs could be used b~

addUlg a secoIld local oscillator. The down conveners
feed demodulators which are chosen to match the mod·
ulanon used. since any type of analog or dlgtw modula·
lion CJl1l bt employed. The demodulators remove the
Signal modulation. and send the detected Signals to the
amphtude sensor switch. which outputs the suonger. or
htgher level signal to an audiO amplifier for hstenmg. or
to the phase corrector and adder. which shifts the slg·
nals so they are in "hase with each other and then sums
them. The summed Signal IS outputted to an audiO am
plifier and loudsJ'C=&ken fOf IIstenmg. Alternatively.
phase correction can be done Ul the demodulators

What IS clauned IS:
1. A method for reducing satelhte-based transmitter

power lI1 a radto broadca.stlng syStem adapted to broad·
cast radiO SignalS havmg frequenCies Ul the range of
about 300 MHz to about 3.000 MHz comprismg'

broadcasting on a ftnt path a first broadcast Signal
that Ulcludcs audiO program Ulformatlon from a
first satelltte source traveling on a sl1bStanllall~

geosynchronous orbit;
substanllally sunultaneously broadcasting on a sec>

ond path a second broadcast Signal havmg substall
lIally the same content and frequency as said first
broadcast Signal from a second satellite source on
said substantially geosynchronous orbll. SIld sec·
ond satellite source and S&Id second path beUlg
spaced from said ftnt satellite source and S&Id ftnt
path a predetermined number of degrees to reduce
the power needed to transmH said first and said
second Signals to a receiver It or Dear the earth's
surface; and

assemblUlg and producing sa.id broadcast SIgnal as an
output SIgnal from said ftnt broadcast Signal and
wd second broadca.sl signal at a plurality of flAed
receIvers having at least one chazmel to receIve
SIld ftnt broadcasl SIgnal and at leasl one channel
to receIVe said second broadcast IoipaJ and a plu
rality of mobile receivers having al leasl ODe chan
nel to rec:eJve said first broadcasl sipaJ and at least
one channel to receIve said second broadcast Signal
located at or Dear tbe earth·s surface.

2. A method for reducing satellite-based transmitter
power In a radio broadcastUlg system 'adapted to broad·
cast radiO SignalS havmg frequenCies Ul the range of
about 300 MHz to about 3.000 MHz comprisUlg:

broadcastUlg on a ftnt path a ftnt broadcast SI~a1

that mcludes audiO program mformatlon from a

..... - ... ~'. \.... ' ...
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::: ~~ De ac.:ompilshea In the Spread Spectrum De·
~oauiators The cod~ of the SignalS irom the satelhtes
.;.n be sUbstantially Identlca1. but offset lI1 time or or
.10gonal to one another. as are Gold cod~. Each of the
~eleCted SignalS IS denved from the correlaton. The
1~a1; can then be sejected lI1dlVidually. or combUled
'ltn one another to produce a sUlgle. summed output
:~a1

The receiver preferably outputs a signal by one of
"'() methods The sUIlpler method compares the amph- 10
'laes of the SignalS from the two satellite sources: and
nooses the stronger Signal for output. Alternatively,
'JC pna.ses of the two SignalS are adjusted until they are
Jentlca.l to one another. The two SignalS are then
I.lmmed to produce an output Signal. TIus method 15
"OIds SIolo,tduIlg the receiver from one Signal to an
,U1er, and provld~ better quality Stgnals wben the
ra.nsm.J.S.SlOn paths of the two SignalS are UIlaffected. or
lIe onJy pa11lally attenuated by mulupath fadlI1g or
:>iLage The prevIOusly menuoned phase adjustments 20
Je necesury because. although both satellite sourc~

~nd substanllall\' the same Signal at substantially the
.arne lime. th~e Signals reach the mobile platform re
:etver with different phases SUlce the platforms are
:enerally at a different distance from each satelille 25

In the dual-frequency embodiments. bolh salelilles
~nd or relay substanlJally the same broadca.sr sIgnal.
'1,1: al [wO subsunllally different frequencies. These
-moodlments achIeve less mulupath fading because
'Oth space and frequency dlverslly are attained slmulLa' 30
'C'Ously Th~e embodunents funher pemlll the use of
7JUltipalh r~lstant modulauon. However. the receIver
, more complex As FIG. 7 shows. such a receIver
'Jcludes two down conveners. intermedIate frequency
,mpilfJers and demodulator CIrcuItS In FIG 7. the 35
U1tenna receives the radiO frequency SIgnal from each
'f the two satellites The Signals are amplified by the
adlo frequency amplifier. The radiO frequency ampll·
-ler output IS spill In half by the Splitter and presented to
~ch down convener The SignalS are changed from 4Q

'adlo frequency to an intermediate frequency (IF) by
ne down conveners The local oscillaton are sel to the
"ro~r frequencies so thaI the Signal frequencies F 1 and
=: are convened to the same IF. The IF from the down
:onveners feeds the demodulators The demodulatofs 4~

-emove the Signal modulation. and send the detected
l!!naJs to either the Amplitude Sensor SWllch, which
Jutputs the stronger Ougher level) one to an audIO am
'idier and loudspeaken fOf listenmg. or to the Phase
::':'rrector and Adder. wluch ShifLS the SignalS so they 50
l.fe 111 phase Wlth each other and then sums them The
.u:n I.S outputted to an audiO amplifier and loudspeaken
0, Ustenmg. Alternatively. tbe phase correction can be
~omo!tShed Ul the demodulators.

Dual·frequency embodUIlenLS can be as shown In 55
=-Ie 7. or can be of a type which sWltcbes rapidly
:>erween the frequenCies of the two signals. or can Uti
.1U dlglW Signal processmg. The output SIgna.lS from
Jle r=l\'er can be selected by companng the ampl.>
:udes of the two Ulput signals. and using the stfonger 60
'lgnal. or the Input sIgnals CJl1l be adjusted 10 the same
::'I1lLSe and summed to produce an output SIgnal.

Alternatively. the receiver Ul the mobile platform can
-.ave an antenna wluch accepts two onhogonal (or
: ross I polanzed radiO frequency transmiSSions (or two 6~

l.!ltennas, each accepting one of the two polanzatlons),
'aolo frequency amplification. down conversion. tnter·
~ealate frequency (IF) and demodulation equIpment.
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flnt satellite source traveling on a subsWlually
geosynchronous orbit;

substanually simulWleously broadcasung on a sec
ond path a second broadcast signal with SUbsWl
nally idenncal content from a second satellite
source on said substantially geosynchronous orbit,
wd second s.atellite source and said second path
betng spaced from said flnt satellite source and wd
first path a predetermined number of degrees to

reduce the power needed to transit said first and 10
wd second broadcast signal to the earth's surface.
said second broadcast Stgnal haVlDg a frequency
dillerent from the frequency of said first broadcast
Signal; and

assembling and producing said broadcast SIgna.! as an 13
output signal from said flnt and said second broad
cast SignalS at a plurality of fixed receivers haVIng
at least one channel to receive said first broadcast
Slsnal and at least one channel to receive wd sec
ond broadcast signal and a pluraluy of mobile rt'- 20
celVers having at least one channel to recelve said
flnt broadcast signa.] and at least one channel to
rCCClve wd second broadcast signal located at or
near the surface of the earth.

3. A method for tmprovlng Signal reception In a radiO 25
system compnslng:

broadcasting on a fU'St path of fU'St broadcast Signal
that Includes audio program information having a
frequency In the range of about 300 MHz to about
3.CXXJ MHz from a flnt satellite source travehng on 30
a subsWltially geosynchronous orbit;

subsWltJally stmulWleously broadcasung on a sec
ond path a second broadcast SIgnal With Identical
content havmg substantially the same frequency as
wd flnt broadcast Signal or haVUlg a frequency 35
different from the frequency of said flnt broadcast
Signal from a second satellite source on wd sub·
stanually geosynchronous orbit. said second s.atel
lite source and said second path being spaced from
said fU'St satellite source and said flnt path a prede- 4Q

tenruned number of degrees to lII1prove reception
of said first and said second broadcasl SIgnalS at a
plurality of fued receiver and a plurality of mobile
recelvers located at or near the earth's surface; and

assembling and producing said broadcast SIgna.] as an 45
OUtput Signal from said flnt broadcast Signal and
said second broadcast Signal at said plurality of
fued recC1vers having at least one channel to re
cetve wd flnt broadcast SIgnal and at least one
channel to receive said second broadcast Signal and 50
wd plurality of mobile receivers haVUlg at least
one channel to receive said flnt broadcast SIgnal
and at least one channel to receive wd second
broadcast signal.

4. A method for reducmg foliage anenuation and 55
SIgnal outage from radio path blockage In a radio broad
casung system adapted to broadcast SIgnals haVUlg fre
quencies In the range of about 300 MHz to about 3.CXXJ
MHZ compnsmg:

broadcasuog on a first path a flnt broadcast SIgnal 60
that Includes audio program mformauon haVIng a
frequency in said range from a fU'St satellite source
traveling on a substantially geosynchronous orbit;

substanualiy Slmultaneously broadcastmg on a sec
ond path a second broadcast Signal with Identical 65
conlent havmg substantially the same frequency as
said flnt broadcast SIgnal or having a frequency
different from the frequency of wd first broadcast

8
SIgnal from a second satellite source on wd geo
synchronous orbu. wd second satellite source and
said second path being spaced from said first satel
ute source and wd first path a predetermmed num
ber of degrees to mlDlmlU fohage attenuauon or
radIo path blockage; and

assembling and producmg said broadcast signal as an
output Signal from SAld first broadcast SIgnal and
uid second broadcast 51gnal at a plurality of fued
receivers haVUlg at least one channel to receIve
wd first broadcast SIgnal and at least ODe channe I
to receive said second broadcut signal and a plu
rality of mobile r=ven haVUlg at least one chan
nelto receive said first broadcast signal and at least
one channel to rCCClve uid lICCOnd broadcast SIgnal
located at or near the surface of the earth.

5. A UHF radio _ystan adapted to broadcast SIgnals
haVUlg frequenCles m a range of about 300 MHz to
about 3.CXXJ MHz comprising:

a broadcasong source for broadcuring on a first path
a flnt broadcast SIgnal that meludes audio program
Informauon on a flnt satellite source travelmg In a
substantially geosynchronous orbit;

a broadcasuog source for broadcasuog on a second
path a second broadcast SJgnal from a second satel
hte source travelmg In said substantially geosyn
chronous Orbit. said second satellite source and wd
second path beu1g spaced from said first satelhte
source and wd flnt path a predetenruned number
of degrees to muwmze outage and fadmg of said
flnt and said second broadcast signals; and

a pluralllY of fixed receIvers and a plurallly of mobile
receIvers for recelVUlg said first and uid second
broadcast SignalS. each of said fued and said mobile
receivers bemg located at or near the surface of the
earth. each of said rCCClvers bemg adapted to pro
dtfce said broadcast SIgnal as ~' output SJgnaJ from
SAld flnt and SAId second broadcast SIgnalS. each of
said receivers !Deluding at least one channel to
recetve said first broadcast Signal and at least one
channel to receive said second broadcast Signal

6. The synem of claun 1 or chum .% further compns
mg a UHF radio receIver that compnses means for
measunng the Signal strengths of said fU'St and said
second Signals. and means for forming and outputting an
output SIgnal from said fU'St and said second SignalS.

7. The system chum 3 wheretO said first SAtelhte
source compns.es at least two separate satellites.

8. The system claim 3 or cWm 5 wherein S&Id second
satellite source compns.es at least two separate satellites

9. The method of claun 1 or cWm .% or cla.tm 3 or
cllWIl 4 wheretD wd predetermined number of degrees
IS m the range of about 25 degrees to about SO degrees

10. The method of cWm 1 or cWm .% or cWm 3 fur·
ther comprising broadcasnng said first signal and wd
second signal at polanzaoons where the frequency of
SAId first SIgnal is substanually the same as the frequency
of wd second signal.

11 The system of clauD 1 or claim .% or claim 3
wheretO said broadcasuog means are adapted to broad
cast said first signal and said second SIgnal at opposlle
polanzatlons where the frequency of said first SIgnal IS
substantially the same as the frequency of said second
Signal

U. The method of claun 1 or clauD .% or claJ.In 3 or
c1aun 4 wherein wd first satellite source compnses at
least two separate satellites to provide additional broad·
cast Signal paths.



5,319,673
9

13. The method of claJm 1 or cWm 2 or claim 3 or
cla.r.m 4 wherem said second satellite sour~ comprises
at least two separate satellites to provide additional
broadcast signal paths.

14 The method of claun 1. or cWm 2 or claim 3 or S
clalm 4 wherem wd predeternuned number of degrees
IS m the range of about 25 degrees to about 50 degrees.

15 The method of claim 1 or cllJ.tIl 2 or claim 3 or
c1aun 11 funher compnsing broadcasnng said flt1t 10
broadcast SIgnal and said second broadcast signal at
opposite pola.nutlons. and where the frequency of said
fmt broadcast SIgnal IS subswltIally the same as the
frequency of wd second broadcast Slgnal.

16. The method of claun 1 or cWm 2 or claim 3 or I~

claim 11 wherem said fint broadcast signal and said
second broadcast Slgnal are at oPPOSlt.e polarization and
where the frequency of said ftnt Slgnal is different from
the frequency of wd second broadcast signal.

17 The system of cllJ.tIl 5 funher comprising. in each 20
of Sald receivers. means for measunng the strengths of
broadcast signals from wd first and second satellite
sources. and means for selectmg the stronger broadcast
sIgnal from SaId ftnt and Sald second SignalS for output.

18. The system of chum 5 wherem said receiver in- 25
eludes means for combmmg wd ftnt and said second
broadcast sIgnals.

19 The system of clalm 5 or claim 17 or claim II
fun her compnsmg means for modulaung said ftnt and 30
wd second broadcast sIgnals 10 reduce muJtipath fad
109

20 The system of claim 5 or c1alm 17 or claim 18 or
claIm 19 wherem ~Id second ~telhte source is adapted
10 produce a second broadcasl Signal having a fre- 3S
quency different from the frequency of said flfSt broad-
cast SIgnal ,..

10
n. The system of claim 5 or claim 17 or chum 18 or

claim 19 further comprising a UHF radio receIVer that
comprises meaDS for measunng the signal strengths of
said fust and said sec::oDd broadcast signals and means
for forming and ourputtiDg the broadcast source from
said first and said second broadcast signals.

12. The system of claim 5 or claim 17 or claun 18 or
claim 19 wherein said second satellite sour~ IS adapted
to prod~a second broadcast signal havmg a polanza·
tion opposite from the polarization of said flfSt broad
cut signal.

13. The methocl of claim 1 or claim 2 or claim 3 or
claim 4 wherein said usembling step comprises selec
tion of said tim broadcast signal or said second broad·
cast signal for output from at least one of said r~ivers

24. The methocl of claim 1 or claim 2 or claim 3 or
claim 4 wherein said assembling step compnscs combm
ing said fint broadcast signal and said second broadcast
aipal to produce said output signal at at least one of
said receiven.

15. The methocl of claim 1 or claim 2 or claim 3 or
claim 4 wherein said predeternuned number of degrees
is sufficient to position substantially all of said receIvers
substantially within I.in~f-elghl of said flfSt satelllle
sour~ and said second satellite source.

26. The system of claim 5 or claim 17 or claun 18 or
claim 19 wherein said ftnt satellite source and wd sec·
ond satellite source are spaced apart a distan~ sufficlenl
to position substantially all of said r~lven substan
tially within line-of-sight of said first and said second
satellite sources..

rI. The methocl of claim I or claim 2 or claim 3 or
claim 4 further comprising utihzmg spread spectrum
modulation in said broadcasung.

%8. The system of claim S wherein said broadcasting
source utilizes spread spectrum modulation.

• • • • •
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